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Unique Features of a New
Nickel-Hydrogen 2-Cell CPV

James R. Wheeler
Eagle Picher Ind., Joplin MO

Abstract

Two-cell nickel-hydrogen common pressure vessel (CPV) units with some unusual design
features have been successfully built and tested. The features of interest are half-normal
platinum loading for the negative electrodes, the use of rabbit-ear terminals for a CPV unit,
and the incorporation of a wall wick. The units have a nominal capacity of 20 Ah and are
3.5 inches in diameter. Electrical performance data is provided. The data support the
growing viability of the 2-cell CPV design concept.

Cell Description

The unit described in the tests described here is a 3% inch-diameter RNHC 20-5. Itis a
two-cell common-pressure-vessel design with a nominal capacity of 20 Ah. Its construction
is identical to that of a 40 Ah tandem-stack ManTech cell, except that the two stack-halves
are internally connected in series rather than parallel. One of the units is shown in figure 1.
As can be seen, this unit has rabbit-ear terminals, which has the advantage of reducing
battery height and cell-to-cell interconnection mass.

Figure 1.
RNHC 20-5
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By “ManTech" is meant an Eagle Picher design which uses pineapple-slice-shaped
electrodes and stack elements, a central polysulfone core, continuous nickel-foil leads on
electrodes, and a wall-wick to ensure a recirculating path to return and equilibrate
electrolyte throughout the cell stack. Also unlike an IPV, there is no separator/electrolyte
bridge provided between the cell stacks. Although not present in these units, a hydrophobic
Teflon sjrip adjacent to the weld ring on either side is planned for future units to discourage
any possible long-term ionic migration through electrolyte film between the two internal
cells.

Other features include a spring washer for uniform stack compression and
separator/electrolyte contact with the cell wall to facilitate heat transfer. The positive
electrode material is 80% slurry. The active material loading was a standard 1.65 g/cev.

The separator material is two layers of zirconium-oxide cloth per positive electrode. Having
two layers was desired because the intended functions were for operation in low earth orbit

(LEQ). The double separator design results in more weight for the unit, much of which is
electrolyte.

Unusual Features

These units have some unusual features which distinguish them from normal production:
The use of a wall wick in a 2-cell CPV unit.

The negative electrodes were loaded to a platinum level of 4 g. per cm?, which is half the
normal loading.

This is the first 3.5 inch-diameter CPV unit with rabbit-ear terminals to be built by Eagle
Picher. The third terminal on this unit is a special test terminal (center voltage tap) which is
connected internally between the two cells. It is not necessary to the unit's function and
would not be present in flight units.

The slurry plaque for the positive electrodes was manufactured in Eagle Picher's Range-
Line plant in Joplin, Missouri. This is notable since all of EP’s flight production thus far has
come from its Colorado plant. The plaque design is otherwise identical however.

Performance

Seven units of this design were built and tested using conventional acceptance-type tests
and a 2C (40 amp) pulse test. The pulse was applied for 20 seconds after 15 minutes of
discharge at the normal rate of 10 amps (C/2). The performance of the units in testing was
essentially what would be expected for individual-pressure-vessel cells, allowing for the
double voltage of these units. The test results are shown in table 1, and the charge and
discharge curves at 10°C and 0°C are shown in figures 2 through 5. It is noteworthy that
the charge retention of these units, at 88% for a 72-hour open-circuit stand, is virtually the
same as for an IPV with the same separator. The cells showed no ill effects of the 2C (40
amp) pulse. Average minimum voltage at the end of the pulse was 2.36 volts (IPV
equivalent: 1.18 volts).
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Table 1. Pocg %,;,S

RNHC 20-5 CPV

AVERAGE PERFORMANCE

Test | 2.0 Volts | {2.2 Voits Max. Chg. Volts
10°C Capacity (Ah) 22.19 21.99 3.051

0°C Capacity (Ah) 24.34 23.81 3.132
10°C High Rate (Ah) {123.77 23.61 3.046
10°C 72-Hr. CR.* 20.91 20.77 3.045
* 88.0%
Conclusions

The results of the tests support the viability of the 2-cell CPV design at a time when interest
in this concept for nickel-hydrogen batteries is growing. With half as many interconnects in
a 2-cell CPV battery and somewhat less pressure-vessel weight per cell, they represent a
significant potential weight-savings at the battery level'. Fears of internal electrolyte
bridging in two-cell unit have proven unfounded, and now the compatibility of the wail wick
with the 2-cell CPV concept has also been demonstrated. ’

Two cell CPV's have already flown in the MISTI, TUBSAT and APEX programs®, and
common use in the future seems likely. The use of single rather than double layer
separator would be appropriate for GEO applicatfins and would make the weight of the
battery more attractive. Had this unit been a single-layer design, its weight would have
been 1146.6g., a savings of 106.3g (computer-design projection). The cost would be
improved as well since the separator is an expensive component.

The successful manufacture and testing of the units documented here add to the growing
literature for 2-cell CPV's, and in addition show that reduced platinum loading of negative
electrodes can be combined with the CPV concept. The compatibility of the rabbit-ear
terminal configuration is also affirmed with this work. The use of slurry plaque from a
different source was shown to perform to the same standards as that from the more-usual

one.

Acknowledgments

David Cooke managed the assembly and testing of the RNHC 20-5. His contributions are
gratefully acknowledged.

! Otzinger, B. M., and Wheeler, J. R., "Common Pressure Vessel Nickel Hydrogen Battery
Development”, Vol. Ill, p. 1381, IECEC Proceedings, 1989.

? Coates, D. K., and Fox, C. L., “Current Status of Nickel-Hydrogen Battery Technology
Development”, Part 1, pp. 75-80, IECEC Proceedings, 1994

1994 NASA Aerospace Battery Workshop -491- Advanced Technologies Session






6692-L6L-£02
01890 19 ‘Ainqueq
aueq yooy I191j9ys

"ou] ‘ABisuy 01399|3

URPD] UBJIep

P661 ‘SI 412quiadon

Juawdojanaq SpuUEAH [RIBIN-[ONDIN
sejodig 0O sniels

"REOEDING PAGE BLANE NOU FILMED
Advanced Technologies Session

-493-

1994 NASA Aerospace Battery Workshop



suonIENY IRD
HI Z/T + HOOIN ———" N + CHO)IN
_HO + HI T/T - 2+
2 + OYH + HOOIN -~ _HO + “{HONN

Advanced Technologies Session

-494-

1994 NASA Aeroskace Battery Workshop



1192
jun

rdoouo )y 1oy aajeay aejodig

dojensurzaojeardas PO

IPO0IIVD IN IpLIPAY ——12EJU0D DA RGO
_ : o — 1

BYC]

Mo
JUIAAND

128)U0D
aanisod

A T T T T I T e et Ty TR e T T T TS sa T

@ o

~ srremes T RTINS T TN A e £ 2 sy oy shzrmoorrrvoa erarr ez ko

Advanced Technologies Session

-495-

1994 NASA Aerospace Battery Workshop



sa[qeLieA jusunoduio) Jolepy

-sopduigg Touruo)) [euonEuINU] 34} 03 Jeqraas sAof[e
SV [)183 1L SNOLIA JO FUNSISU0D S[BLI)EU IPLIPAH o

spunodwod drae3iour papuoq-dyseid 1o ‘ouajAdoadAjod
‘UO[AU UIAOM-UOU JO FULSISUOD [BLIJEW a0yeaedds o

[ 1€ PAJELILIGE] SIPOIJIII UIEoy [P paised «
(AT 1 PAAILILIGE] SIPO.IIR [P papuoq-duseid «

S3P0.13IID [HITU PIIAUIS [E1DIUWWOT) o

Advanced Technologies Session

-496-

1994 NASA Aerospace Battery Workshop



Advanced Technologies Session

SAO[TV HIA JO sojdwieg womrano)) [euonen.Idjuy

9 S

80y L 000S Ny S "ON HIAL VI () M
LOspyThiNS TazTTp9 Ty b "ON HIN VI +)
Aofre INuI] € 'ON HIA vl (€)
8 Oy 0opS Ernuy ¢ 'ON HI vl ¢4)
€ Oyt OupySL 0055 S Enuy I "ON HIA VI (D

1994 NASA Aerospace Battery Workshop



§)59 1, ey (12D tejodig m
u . VW 0S oW 9'8 m
00t S
N=%E< 86 Vv Zc wy6c m wys o g
3
sinoH duwy
8GG°| Gle°) secl’t G/8°0 G290 Q€0 1 TN
) : ) ‘0 Sc'0 0
fanl m_—. I A...wN_ —. 1 _. 1 mh_ o 1 m. 1 1 1 1 N.O
v
- o0
(=)
M = 4 60 ki
v
- v
= L v v o
5 - —. - | = —-. F m S
- a E
0 o o o o o g y $
5 g
= el S
H
| o 3
Gl W



1S3, 9JI'T “OPO.13IIF [MIN ‘Papuog dnsely

d3.1eq) g z/31eydsi(q q T ‘@od %99 314D
£yede) earmoN Qv °1
SIPONR[Y ,,€ X ,,€ [[PD 13JBAA POIUIA d[3uIg

Advanced Technologies Session

60:1eyos|Q JyvL @ e1ok9 Jed eBeioA Ul +6.01d65 —— $6,51BAY ——  $6,02INF ——
T S e D s s B2 25 nnes_q) ¥8.81UNr —— $8,62he —— #8,/21dY ——
efrey9 Jy2 VWSS ‘efireyosig L vi &
A 0 @
S0
& 50

L & g

— 8
— M L s .
@ M M
i > \J ¢ .m
st > b b b gt N
z z m
8
8EEV# 118D BEEV# 1190 p
<
3
=
X
2



1S9, I NoBd 119D S PIAIUWIA

Advanced Technologies Session

8.01des — 86,2200V —— $6,200nY —
+8,60IN —— ¥8,02unf —— $6.1eke —

eBreyosiq Vi ® e19K0 1ed eDEHOA UIN

QNQ : cwm:.:::.mm-@::: Q.%::.:V.Mm@ﬂ%?ﬁ?ﬁ-lm

ebrey) 1z vwses ‘eBreyocia i vi

f,\/.\)|>>\/(1 o5 0
j : . |

® N A A Alo &

I

ot

- 0ea# 118D < 02£0a# 118D

1994 NASA Aerospace Battery Workshop



(-
[ 3
___________ o S S o
(]
™
| o)
>
»
@)
o~ -~
2 e
'CC) 7))
s €
O A
_________________________________ o Qo ot
o 0 fo
. Nv 7]
— ) S
= &
o em— m
| =g
]
| =
>
] =
N S S . =
o
~
1 (]
X X X X N R X
o wH o H (@] [Te) o
S_D N~ (9] N (\'1 1o}
]

18Mod abieyosiq yeed jo Jusolad

1994 NASA Aerospace Battery Workshop -501- Advanced Technologies Session



Hours

- Q
= )
- L ©
e —— O
I | <
. o
© < Y - @ © < | o
~— ~— -— o (®] (] d
oBE}{OA [1eD
-502- Advanced Technologies Session

1994 NASA Aerospace Battery Workshop

DST Discharge Profile



Electric Vehicle Battery Arrangement

250V

1994 NASA Aerospace Battery Workshop -503- Advanced Technologies Session



sppueIeg Adpyeg A 0ST UV 001

/YA LOT ONILANNTOA "d'd

SM/YM 09 ONLLANIAVIED ‘d'd

MO (%S)(daempaey -dul) THOIAM

(1 0ST) €TX 0P X 01 (‘ur) NOISNHINIA
YA ST ADUANA

yv 00T ‘A 0ST ‘ALIDVAVD ‘AOVITO0A

y  STTNAON TATIVIVd 'ON

SYALANVIVd AdALLVI A 0sT UV 001

Advanced Technologies Session

-504-

1994 NASA Aerospace Battery Workshop



(YAAN/$) SisA[eny 1500 HIAIFIN PajeuInsy

IAILISOd
IAILY D3N
HIHLO E
dv4d0Ss g
DN
L140Yd B

Advanced Technologies Session

-505-

1994 NASA Aerospace Battery Workshop



Arewrung

Advanced Technologies Session

/YA 00T 03 08
IPLIPAH pue [IIN pdroaduay
enudjod qymoas) e

‘Kqeded Jomod pue wonodONIISUODd
JO S[ELIdJBW JO AJIOIQE)S LIISUOWIP S[[II-T})[NW PUE JIUIS JO SHMSAY

-506-

-sageyueape 1amod pue 3509 sey yYoevoadde aejodig o

suonedddy
AT 0] J9pUdu0d SUIPBI| € WIISAS A1311eg SPUIPAH [BRN-IPYIIN o

1994 NASA Aerospace Battery Workshop



VIAVEVTV ‘ATTIASLINNH
JOHSMUYOM VSVN +661

LAVS LAVS

NALLSVH *D NIYIA “T°r

SHILIALLDV LJAVS d0 SNLV.LS - NAIHLI'T AT9VADAVHITA

SANIALLYE ATONVAAY
SINAIIOVY LJAVS Jo smyels - NNIHLI'T A TaVADIVHOAA I
1dv$S

doysyiopm L1ayyeq sowdsoray VSV V661 “«

Advanced Technologies Session

-507-

1994 NASA Aerospace Battery Workshop



SOLLSRALDVIVHD ANV SIONVIRIOAYHd 1LONAOYUd *

SOINOULOATH *

NVId ADVdS LAVS ®
ADIALVULS LAVS ®
ADOTONHOALNOI-T'1®

AdOLSIH *

INALNOD NOILLVINASTYd

S3131AIIOY LJAVS Jo smiels - NATHLIT ATaVADAVHOAA

doysyiom L1ajjeq aoedsoray VSVAN 661

SANYALLYVE AFONVAUAV

CLavs |

o

Advanced Technologies Session

-508-

1994 NASA Aerospace Battery Workshop



NOI- VT ALHAVS AIAOYdNI ANV mn:»_ ddDNOT J04 d4ddOT1dAdd
N SVH INOTHLIT T VIOAVHIHY 10 AdAL MAN V ‘ATINADTY FUOIN O

SNOLLVOI'IddV AV LITIN 04 ST14D 419vADIVHIIY
‘OINI'T ANV *O°AT A4ddOTIAIA SVH 1AVS ‘SUVAA OML ISV JHL Y4AO0 ©

SHIILLVE AdVIARI “1D0SIT ANV “OS!I'T 40 ¥9avaT1 ATIOM FHL SI LIVS ‘AVAOL ©

"AULSINAHD AMALLVE
AWNTHLI'T JHL 40 SYAINOId AHL 40 INO NAA9d SVH LAVS ‘4961 ADNIS

AYOLSIH

SAYALLYVE QIONVAQY
SIANPOY LJIVS Jo smye3s - NNIHLIT ATAVADAVHOIAY I
14dvsS

dogsyiom £133jeqg aoedsoisy VSVN 661 -

Advanced Technologies Session

-509-

1994 NASA Aerospace Battery Workshop



@00

Advanced Technologies Session

© e 0 6

©6 6 O

©0 00

to N uoquo) JOUVHD NO.Zxdb
m w.\.,ﬂﬂwwzu 319YVHOSId m JAILSOd IAILVOIN A IAILSOd

sojdurid Sunesddo NOI- 1] ¢

ADOTONHIAL NOI -T1

S3aTIIAIIOV LAVS jo snjels - NAIHLI'T A TaVADAVHOTA L4V S
P

1994 NASA Aerospace Battery Workshop

doysyiopm Aiajjeg soedsosay VSVN $661



e 2 O
2 .g - _
i O o z
S e ~ e =
> 2 Z = o S
P e Bl T G
: Q| 7 2
[ ] “ > o
a o4}
« Fﬂ 2 = 3
8 L] Q c 3
] <] H . g2
& w (5] n Q
- 4 S = 3z
° o =" X N
5 U'J . emm (& <t m
g - I g P ©
s B = = — s QO
- 7 A AARAL A tAD S X
o m c () lxnlllxlu‘xn‘lllll,l[
- | ) Q o o Q
g o >
- = E - I = o <
K 3 ) e z 3 g 0L
¥y
2 g 'S TN
) - Q
: o 5 \
E % o >
o 2 o
o 3 :T>:\|T\7 Yl-/' )Yl)llnxl( 1 l LLI?
H h '|j.'.’|.\”"1’)}\lx|| “\)\ t‘
m c Q u’vuni 1.I\! L] xxx\x‘ 37 <
“ ‘.'(‘ll N .Ill\ll\xl‘lilll'l, .I‘I Y r | x ) ) « i ‘ T E m'
T
= e T A O a]
g c LA'.'.',',l Pt n 2 l ) lll ’.,vlululnl\‘ ] l‘|‘\yl\) X O»
E = VO ‘,-_';;L\’v‘_ﬁ_’ ’ ’.’,’-‘x’ﬁl’; L :4('
°* E Z
> L
af) = W
h o E‘\
72! ;
s 2 &
1 E > X <
=P I v O
- e 0
2 b = <
= E p— ;
1 E < 2
4 B o
0 E
>
a
<
1994 NASA Aerospace Battery Workshop -511- Advanced Technologies Session



( Aepoy) sSoIu0J08|8 / Jabieyd 8yl Jo 1s00
- + +-+ ++ v (adeys awes ur) ypn 129d 150 | 7
+ + ++ +++ JuipAd Fuunp 20urISISAI [BUIU] | ||
- ++ 4 +++ Anjiqe afieyosipianQ | ol
e 4 ++ +++ Anjiqe a%1eYdIAD | 6
[+ + - - 10310 Aowsy | 8
+ ++ ++ +++ 98reyo eI YSIH | £
+ ++ ++ +++ 3N 3PAD | 9
+++ + ++ + uoiudlal ABseyYD) | §
A9 ¢ AT AT | AT I 25810 [PULON | b
4+ ++ + - (8X/ma) Anisuag ABJoug ydam | ¢
+++ ++ + - (/um) A813ug daWN[OA | Z
- +++ ++ + (yyw) Anoeded [eutwioN | |
uoj-1i HIN-IN pPa-IN PD-IN
padueyuy | pavpuel§
wniry Kuuej aurpey)y |

Advanced Technologies Session

-512-

i JBY) UBY) dI0W puUy e

ADOTONHIIALNOI -1l

SHINYALLVH UADNVAQAY

.

SOIAIOY LJIVS Jo smiels - NNTHLIT ATEVADAVHOAA

doqsyiom £ixajyeg asedsoray ySVN $661

1994 NASA Aerospace Battery Workshop



"SUVHA 02 LSV'T dH.L NI AIONATIAIXHT SVH POIN
SV JdNLNA V LHOINE SV AAVH NVD HOIHM

AALSINTHOOALIITH ‘ASOINd TVIIANTD ‘MIAN V °

CHTIVAOAVHOAY WARIHLIT

ADOTONHIIAL ASOJLANd TVHINAD V

SANYLLVE AIONVAQY

SOIJIAIO O sSnjels - IHLI'T A
V LJAVS Jo smye}s - NNIHL TEVIDAVHOIAA 14V S

doysyiom Axayyeq soudsoray YSVAN V661 -~

-513- Advanced Technologies Session

1994 NASA Aerospace Battery Workshop



J9A0 wan} 3ae| e Aq pajsoddns 3q ued 110JJ9 Y Ul €&

ddae ] ‘wnIpIA ‘fews ¢ SIZIS |BIIAIS &

A13118(q dSE|J UBWSLLJ ‘[RIApU}L) ¢ sadeys [IAS &

ADVAS U IDHIAA DRLLDW I 1 vV.RIOd ¢ suopedijdde [BIAIS &
juwdinb) jo pury | &

$$330.4d pue uonIUJIP IPONN|Y] | &

AS1udy03N|Y |1 &

ADOTONHIDAL 4S0ddNd
AVAANIAD V SV WNATHLIT A TAVIADAVHIAU JATIDUAd LAVS

ADULVULS LAVS
SAIALLVE QHONVAQY
SOIJIAIIOY LJAVS Jo snjels - NNIHLI'T AT9VADAVHOIA E

F'N
dogysyiom L1333eg aoedsoray VSVN V661

Advanced Technologies Session

-514-

1994 NASA Aerospace Battery Workshop



SUYTNOLSND HLIA NOLLVIAJO0D ASO'1D @

T SIU0II]3 / ][99 UOREIOSSE ‘UBISap A19)1eq ‘ued dnseld yeuriof : s)daduod MIN &

Advanced Technologies Session

sdgejueApe 3s0)
[0.13U0D SIIUOAIIT]
SIPO.13II[I I|qIXdY) ‘uIy L
33e)J0A
: Sdunjedy anbrun sey winiyli djqesdaeyday &

ATINTYAAAIAINIHL @ 2

(ydern /7QINIT ) ADOTONHDAL AYV.LAINdOUd NAO SLI JAVH TT1IM LAVS @

1994 NASA Aerospace Battery Workshop

SUNI'TAAIND
SANLLLYVY JAONVAUV
SOIANIOV LAVS JO sn3els - WNTHLIT A1aVIADIVHOTN (Lavs |
L4dvsS

dogysyiom Axa3)eg aowdsoroy YSVN P661 =



4NOYO SAHIL1VE AIDNVAQY L4VS

| 30VdS

(avuesy) s1oniog . 310IH3A JLDT3
 DILVISIHd WNIG3W
 AY3LLvE JISVd
(VSN) BUl0IED YLION 9S9PIEA  ST13D TVOIHANITAD
NYOMLIN SIHVIQISANS B STTVS IAIMATHOM 14VS

JILLININOD DIDILVHLS DNILINEYIN
(90ueId) SISSNODHVIN - HILNID HOHVISIY

31vHOdH40D WOHLSTV 131VI1V

nwvyd904d IHL 40
ANIWNIOVYNVYIN TVHINIO

ONIYIINIONI
INIWJIOTINIA

ONILINHVYIWN

HOYVISIYH

NOILVSINVDUO

SaNIAIY LJVS Jo sniels - NAIHLIT ATaVADAVHOIA

doqsyiom L1aj)jyeqg aoedsozay VSVN P661

SANALLYVYE QIONVAUY

~

Advanced Technologies Session

-516-

1994 NASA Aerospace Battery Workshop



8661 NI NOLLVOIAT'TVNO AWIALLYVE ANNOYD V AAVH @

SNVId INAINJOTAATA NI SNOLLVAI'TVA LHOI'TA Ad0IDNI @

(ADVS “AIDIHAA DIALDATA ‘A TIVLIOd )
ADOTONHDAL NOLLVOI'Tdd V- 1L 1IN AS) @ TADAIVUIS T

SAHOU ‘SUTHDNNV'T ‘suoissiwt s183£ 7 (OHA'T) 1910 Y1183 Mo

SALI'TTALVS AYVNOLLVLSOAD :SNOLLVOI'TddV ¢

NV1d HOVdS LAVS

SAIAALLVE AAONVAUAY

SOIJIAI}O o snyejs -
BIAIOY LAVS ¥ 3238 - NOTHLI'T ATEaVADAVHOAA 14V S

dogysyiom A3a)jyeg aoedsoxay ySYN v661 -~

Advanced Technologies Session

-517-

1994 NASA Aerospace Battery Workshop



AOA %07 - AL 000 01 : FIPAD

VUM 0bT VUM 021
3N/ 001 : 1RD /A 0L TATdNEY

JWdOPAIP SAUOIIIIN pue L1a)ey edg

JudwdojaAdPp 139 deds d1y133ds oN

suonedjdde
[R1IWWO) puk Aregjijiu 10J S8 [[3) dwes

yv ¢

SAIOUd ‘SHAHINNV'] ‘suolssit S.1834 7 OF'1

(gg.L) voisindo.ad duoy +
SIBIK ST - JOA %08 - SAPK 0081 : ATIPAD

/UM 092 VUM 0S1
3N/UM OF1 S 11D /A 001 ATRNEY

: $2411021q ) Wo1UYI9 |

1w do[IAIP $ANU0IIIIY pue A1)y edg
W dOoAIP [[99 3deds d2y1AdS

$8920.1d S9P0.431J9J2 pue S|ELIdJBW JISE( dWES
IUILIAXI IPIYIA J11)II[] U0 pasey

Uv 00C -UuVv 0¥

SALI'TTALVS AYVNOILLVLSO4D)

YAAA0 TTAD

SONIAIIOY LJIVS Jo smyels - NNTHLIT ATaVIADAVHOIA

doysyiopm Aiajjeq aoedsoray YSVN 661

SANALLVYH IONVAUV

a

Advanced Technologies Session

-518-

1994 NASA Aerospace Battery Workshop



$3da2u0d Mou Nowouy @
uzIsop Judwadeurw SAUONN|F @  :SHINOULD AT ¥® AYALLvVd

Jpow I3aey) @
(d1qepieae uonew.ioy sajeyd ou ) Ipow uoneuLIo @
| 3unpolq yoels @
s)roddns s3po13ddP uIY) YIIM UOIIUU0D [EIIURYIIN NN @ DINAIWNJOTAATA TT1D

surde 1Y) pue sadpweled [0.uU0d IZ1eyISIp 2 d3aeyd ApniS @
UOISO.LIOD JIWIT @
AB10Ud d11)dwARIS IseIIOU] @

( Buipej pue 93e10)S ) 9J1] A IsBIIOU] @ THOUVASTY
SANMILLYY QIONVAAV
SINIAIDY LJAVS JO sniels - NAIHLIT A T9VADAVHOAA L4V S

A
doysyiopm Liayjeq aoedszorsy VSVN +661

Advanced Technologies Session

-519-

1994 NASA Aerospace Battery Workshop



| _uoijepiiea fu__u_
A

NOILYDIHITYND AY¥3L1ivE
IN3WOTI3A30 AY311vd
NOILVYDI&ITvYND 113D

IN3IWJOT3A3A 113D

SNOHIVOIIdY  SIHUB "SHIRONAVY "0

(ND 2) NOILYDIHINMYND AYM3L1VYS

(W3 1) INIWJOT3A3A A¥3L1vE
NOILYQIYEAH
SININOJWOD 313¥2SIa
S1d30ONOD

IN3WIAOYNYW SOINOYL0313

SNOISIA AHYNIWIIANG SIY311v8

ONITOAD

773D HS3N4
{05) NOILYDI4IIVND 1130

IN3WNdOI13A3a 113D
NOILYSHI LOYHYHD TYOIW3HOOH L0313

HOYVYIAS3Y DI4103dS

SNEHLVL LY AHYNOIIVISGYD

66 86 L6 96 56

SAILIANLOY

A TNAAHIS
SOIIIAIOY LJAVS JO snjels - NATHLIT ATEVADAVHOIA

doysyiom Aiajjeg adoedsoiay VSVN 661

SHITLLLVEH CEIDNV ALY

(Lavs |

P N

Advanced Technologies Session

-520-

1994 NASA Aerospace Battery Workshop



Y/ swi|

™
qV|
b aand
o
Advanced Technologies Session

0 p==———__ T T T T 0 -0
e // \ I.
02 - TS /
o Jua4ino , =
N
= -
S dn // \\ | M m
3 \ \ dze w mlm
3 09 \ «Q 3
o) \/ﬁnl.l.lll“ @® 4 — .
] \ .
< 08 - foedes pabieyn < > .
2 - d
00— -7~ abej|0A v -
abeioA XeW ] g
ocl £
S
g
3
‘ §
HAOW AOUVHD NOI -I'1 ]
<
SANALLYH TIONVAQY m
SIIJIA] -
ANV LAVS Jo smiels - NAIHLIT ATEVADAVHOTA E w

doysyiom L1ajjeg soedsoray YSVYN v661 F N



sadueurLiojdd Ayeded 120 puy &
(ZHIN 79 PDIN St dwies ) 3euew 0) Ase @

I3¥)|0A JUBISU0D AII))E( PUE JUILIND JUBISUO)) @
sda)s Aq JUd.IND JULISUO)) @
JUILIND JUEBISUO)) @

a5¥)[0A 159UB1Y YIM [[99 Y} Aq JuduwddeUBI
: SSVd-Ag 113D LNOHLIM AAONW ADYVHD AYALLVE €

: §3d22u0d Jo sdIue) 7

SILIIS U S|[23 10§ IPOW JUdWIZEUEW ITEI[0A IY) WO1J SIWOD Aynayjip Ay L

P SLAADNOD SOINOULOATH

SOINOULOATA
SANALLVH GHONVAQY
SIIITAIIOY LJVS Jo sujels - NNTHLIT ATEVIDAVHOTA I
14VS$S

doysxyiom Li1djjeg aoedsoidy VSVMN 661 -

Advanced Technologies Session

-522-

1994 NASA Aerospace Battery Workshop



NHLSAS AYALLVE ALATdINOD V JIAITAA OL SI NIV S LIVS

(I9A3] wRISAS JE pajenjeAd 3q 03) JS0)
Apms 03 3d3du0d J1U0IINNT] MIN &

uots.dsIp s[[32 esuadwo)
Aydeded (90 wnwixeu 3Y) Isn 0) PII)UEBIENN) @

[0.1)UO0D J1U0IIIII AQ [[39 YIBI UO PIINSUI ITBI[OA JUBISUOD PUR JUILIND JUBISUO)) @

1199 YI©I JO JUdWISRUB]A]
*SSVYd-A49d TTHD HLIM AAOW ADAVHD AdALLVE €

SOINOULOATH

STIALLVE GADNVAUAV

S3IJTAIJO o snje)sg -
¥ V LJAVS jJo snjelsg - NAIHLI'T ATEVADAVHOAA LAV S

doysyiom L1a)jeg 2owdsoray YSVN 661 *

Advanced Technologies Session

-523-

1994 NASA Aerospace Battery Workshop



SIPILD (00 01 UTY) J.10UN PUR WK 1| SIBIA G °
$I0YSs 7 SUCHRIGIA S1PUNe| *
IS SAEP Sp udIMIIY Ul poridd 1531 sep S -

JJuaun.nbaa rdg ay1od

y. am:e% Technologies Session

0T U TL PYL % 5T >

oS SARP § 191 % O] >
.0 puout 1 19Ye % 01 >

uonuaal 3drey)

Sieak ¢ |
uoisjudoid ouor +

a0d % 08 2L 006 |

s1eak (1
Anorde)) [BWIUON %,08<

YA JOU%001 1949 9001 <

sIeoh |
Kpoede)) [eUIWION %0.L<
M JOU%001 S04 000T<

swn 3]

Kaneg Loneyg R
(agy Jo pug) 34AIM 001 (3911 J0 “3og1) BY/UM OV (3311 Jo-3oq) /UM 0TT < 31Uy OLIPWIABRLD
PqQy pr o581 O Do0b- aFuey smjeradwa |, ade g
pa P 009 + 01 Do0T- sguel axmerodu j, 331eOsI(]
PQ) D608 + 01 D0T - D606 01 3.0 a3ues axmeiadwa] d3d1eY)
Hyordn ¢ 03 dn ¢ 01 df) afaetosip yesd
S1/0 2C 1 §/D D 918/ ajel 981RYOsI(
¢ /09000 JO101/D D01 0T/D el umawp
HOVJS TIDTHHA DRLLOA T 18 VLAOd SIUUIDL Y
o
NOSIHVJWNOD SININTUINOTINIVIN §
. S
‘ —
SOLLSRIALDVIVHD ANV SIDNVIARIONTAd LIONd0oUd 3
=
siLLVd E...—OZ<>G<W
S211IANIOV LAVS 30 smIEls - NOHILIT ATavADAVHO A 2

dogysyiom Ar2yyeg dovdsoray VEVH $661

A



W ul SUOISUIWI(]

IILLVINHHOS TTAD HV 001 NOI -1I'T

SIPIANPY LAVS Jo smye3§ - NNIHLIT A'TAVADAVHOAA

doysyiom L1d)jeg sowdsoiay VSVN +661

SANALLVE dIONVAUV

CLavs |

VN

Advanced Technologies Session

-525-

1994 NASA Aerospace Battery Workshop



(S ATIAD) TTAD DILVIWSINI ALIHAVIS)/ZOINV T HY QOT V 40 F1LI0dd AH9VHISI(

sInoy

ol 6 8 L 9 S v

einjesedwe ] jueiquiy

Vv 01 ejed ebieyos|qg

0S°‘L
00'2
0s'C
oo‘c

os'‘ct

o0'v

IHDVLIT0A 113D

0s'v

S1710A

AAUND ADAVHISIA TV 001

SO1IIAIIOY LJAVS jJo sniels - NOTHLIT ATAVADAVHOIA

doysyiom L123jeg aoudsoiay VSV H661

SHPALLLVH CLRINVAAY

Lavs

A

Advanced Technologies Session

-526-

1994 NASA Aerospace Battery Workshop



Advanced Technologies Session

-527-

aod%
ozt 001 08 09 ot 0z 0
; I ! ) 1 ' ! 4
N Nq n‘q ..4- Siq ﬂsAl Gz
. 9ss'e TSty wy¥  TSEV
. €
[
‘ N
i o _
L SE
M
|
# v
|
|
|
1 . Sy
AAUND ADUVHISIA T1AD HV §
SHIEHLLVH GADNVAUV
SIIJIAIJOY LAVS Jo snjels - NNIHLI'T A'TaVIDAVHOAA E

-
doysyiom L1aj3mg aowdsoxay VSVN P661

1994 NASA Aerospace Battery Workshop



logquinu o_u>U
00cl 000l 008 009 0/01% 00¢ 0
N 4 i " A A o
AGZ Olopi O m@o;uﬂo L 00z
> 0] 9|D . obip 0
A L'y 01 8ibl 7/ DY L ooy 8
Q
0O,
- 009 <&
008 W
0001
L oozl
so|dwos Aiojp10qD7
SATJINVS AAOLVIOUV'] NO HAT'T ATDOAD
SaIIAIIOY LJVS JO smyels - NNTHLIT ATAVADAVHOTL : E
a

doysxyiopm Li1aj)jeg aowdsordy VSVN V661

Advanced Technologies Session

-528-

1994 NASA Aerospace Battery Workshop



0001l - 00¢G

092 ©1 061

OLL -08

066G ©1 00y

0001l - 00§

081

09

oS

Von s e B AR | )

00C 1

4R

004 - 009

Amm_uxu jo saquinu)

)| m_u\AU

(I/4M) Asisusp

ABisus duppwniop

6
Ajisusp xmhwcmm hmu@\,\%

(son)
aBogoA |puiwion

(Yvw)
Aydodpd |DUIWOop

apLIPAY

_O_mwc(_ _®V_U_Z

PDIN @bup.
ay} Jo doj

PDIN
PJDpPUDig

GRIGMNAL PAGE 1S

NOSTHVJINOD SHONVINHOATAd TTID VV

SINIALPY LAVS jJo smyels - NAIHLIT ATHVIDAVHOTA

doysyiom L1ajyeg sowdsoray VSVN $661

SHIALLVH (IDNVAUY

(Lavs

OF PCOR QUMAY

Advanced Technologies Session

-529-

1994 NASA Aerospace Battery Workshop






dNOAD SIWHLSAS ADVIOLS ADUANA

v661 ‘LL-G| 19qWBnON
eweqely oj|IASIUNH

doysyiom Ateneg vsvyN

HadjeH pjesayn ‘ebbng Jewinyeujey
BuenH onyj-uay) ‘uewneN uoy ‘auotlad aneq ‘ipndwelng oey

PREORDING PAGE BLANK NOT m.lL

S1139 NOI-I'T 40 NOILLVNIVA3
dONVINHO44d3d 3417 3TO0AD

addlr=

Advanced Technologies Session

-531-

1994 NASA Aerospace Battery Workshop



dNOYD SIWALSAS ADVIOLS ADUINA

aoa %0ov
aod %001

Aewwing

92UBWL.IOIdd 9411 919A)
sonsualoeiey) abaeyosiqgsabiey)

auUINO

sue|d 1so1
uonduasaq |19
aA1399[q0

Addlh=—

Advanced Technologies Session

-532-

1994 NASA Aerospace Battery Workshop



S——

d10™D SIWHLSAS HOVIOLS ADYIANA

(¥so1 ssass YSYN)

aoda %0tv pue qOad %001 1e s||8) uoj
WNIYH Jo aduewioliad a1 919A9 sulwislaq

9A1303[gO

dr=

Advanced Technologies Session

-533-

1994 NASA Aerospace Battery Workshop



dNOYD SIWHLSAS ADVIOLS ADAHNI

sajnuiw gg :abieyosiq jo pu3g
sajnhuiw Qg :abieyn jo pu3
poriad IndiinH uadQ
}JOIND S1JOA O°E 0} abejjoA A0
YWQ0Z ® juaiind jueisuo)d
puib.ieyssiq
}JO1N9 S}|OA g 0} dbejjoA D03
YWQQl ® luaung juejsuo)
puibieyn

1sel dOd
°,00L Si91owered buijoA)

=

Advanced Technologies Session

-534-

1994 NASA Aerospace Battery Workshop



—— dNOYD SIWHLSAS HOVIOLS ADVIAINH

by/sinoH-nem 0°02 :ABsaug oroadg
Auog Aq painjoejnuepy
swelb o = Jybrap
wuw g-gL = 181wel(g
wuw |49 =yibuan
suoIsusauiig

SHOA 8°€ :ADO
Inoy-aiadwe | :Aj1oeden pojey
9lAj04}09|3 paseg-93 :91A]04199|3
‘00911 :apoyie)
(809) uoqien :apouy

[IEL LY

uonduosaq (199

- =

Advanced Technologies Session

-535-

1994 NASA Aerospace Battery Workshop



—  dNOYD SIWALSAS HOVIOLS ADAHANH

By/sanoH-neM S 08 :ABiaug oytoads
Auos Aq painjoejnuep
swelb gy = yblom
wuw |z = 19jpwelq
ww |G =yibua
suoisuaui(

Advanced Technologies Session

S}IOA 8°€ :AD0

inoy-atadwe | :Ajoede) pajed
a1Aj01109|3 pased-)3 :a1Ajo4109|3
¢QoDI11 :9poyle)

(8)09) uoqae) :apouy

-536-

IT9dAL

uondiosaq 1199

1994 NASA Aerospace Battery Workshop

—————— el



— dNOYD SINHLSAS HOVIOLS ADAAN

S1S9] 9} 9J9A)

Advanced Technologies Session

uoljeziiajoeiey) ajey abieyn

uonezualoeiey) aley abieyasiqg

-537-

(€) saj9A9 Buluonipuon

S|I8) jo
soljsualoeIRYy ) [edISAyd
pJ1028Yy pue ainseay

MBINIDAQ Ueld 1S9

1994 NASA Aerospace Battery Workshop

=




SHNOH-3Y3dNY
80 Lo 90 S0 vo €0 0 1o

0
—+ 6¢

) { |
v 1 T T T T T T 1 T T T T T T T T T T ” T T T T T T T T

S04 TUF AL IDAVHD DD TH0OS

P IV o EFWAD e — 2FTOAD

440 10D 1130 43d S110A 0°E OL IDHVHOSIA IHIJNY A
SNIS132 $33UH3IA 1€ LV IONVINHO4H3d T133 NOIN ANOS

S170A

Advanced Technologies Session

-538-

1994 NASA Aerospace Battery Workshop



%021

Q3AOW3H SHH-V 40 INIJH3d V SY GINHNLIY SHH-V
%001 %08 %09 %0t %02 %0

YINGO 1L YINCS L YWOSL - ———- YINOOS YWNOSC oo

JILSIHILOVHYHO IOHVHI INFHBND INVISNOI - 1132 NOIH1 ANOS

S110A

Advanced Technologies Session

-539-

1994 NASA Aerospace Battery Workshop



80

SHUNOH-IHIdNY
Lo 90 S0 : vo €0 Al Lo 0

+
—t

|
+ T

+

Advanced Technologies Session

S110A

-540-

S3HIJNY £8°C SAYIJAY 6L 0 —————  SIYIJWV S0 — -~ —  S3IHIINVGC0 ———

SNIST13D S33HHAA ST 1V SINIHHND SNOMVA 1V IONVIWHOAHId IDHYHISIA - 17130 NOIT ANOS

1994 NASA Aerospace Battery Workshop



§
S310AD m
0004 006 008 Q0L 009 00§ 0ov 00¢ 002 00l 0 4
T T 0 T . T T « Aam V T W T L— T T ﬂr T * T—T—TT “ T T O .lwc
1 £
. [
, 3
1 zo 3
-+ 0 »
SHNOH-IHIANY w
ATMYHIS1 - d
m
—~ o o)
m
h X
| e —
g 1 90 B &
1 g0
e SR R i —.

SLT0A Z'Y 01 IDHVHI SIHIMWY 1'0 ANV SLTOA 0°¢ OL IDHVHISIA SIHIdNY 20
05-220€0 31dWVS ANOS 30 FJONVIWHO4HId 3417 3T10AD 0Q %001

1994 NASA Aerospace Battery Workshop



008

S310AD A0QA %001
00s 0oy 00t 00¢

2

AD0 Q03 4nW3 go3 - —

(20001 ANOS 40 AONVIWHO Y3 341 JFIOAD

|
|
i

S0t

|
1

I'e

|t 14

GL'E

Z¢

gz'e

0
«
™

i{,;,; _L_L_{FJ_LL_L%_LJ_LL + 1_]_1_1_*_L 11
“«
™

Pt
<
[

|

|

1

i

l

|
i
i
w
<
™

SL1T10A

Advanced Technologies Session

-542-

1994 NASA Aerospace Battery Workshop



008

S3710A0 a0d %001
004 009 00s 0oy 00¢ 00¢C

001

j??zx?« >\ f)zc ‘5\/3;41

—

4W3 203 ADO D203 - -

20NZO0J(X)I ANOS 40 FJONVYIWHO M 34171 I1DAD

[ S S S Y S U S S N U ST U S

4

S0y

L0y

60y

€'y

Gl'y

L'y

6L'Y

Iy

SLI0A

Advanced Technologies Session

-543-

1994 NASA Aerospace Battery Workshop



AMPERES

§2C0-

SL1°0-

geio-

SL0°0-

5200-

5200

§.0°0

L TAN]

9

MUCEE (TR

s1139 9-()11/2003-(x)i1 ANOS 40 IONYWHO4HId | 310AD

6¢

S110A

Advanced Technologies Session

-544-

1994 NASA Aerospace Battery Workshop



0001

LLTERTS)
008 009 0o¥

002 0

Lo

SNIST13D S33493A €2 1V SHNOH-IHIJWY JOHVHISIA 'SA S310AD
$71732 .NOFWNIHLIT. NOILVHINID GNOJ3S ANV 1SHI
NI SIONVINHO4H3d 30 NOSIBYdWOD

- S0

SINOH

- 80 aledwy

S8°0

60

Advanced Technologies Session

-545-

1994 NASA Aerospace Battery Workshop



s
S
SHNOH-3Y3dWY 3
8 60 80 Lo 90 S0 LAY €0 20 1’0 0 .Mo
1 1 | . — | ~ | . L2
- T T -+ t > T T T “ T T T T 1 T T T w T T T —+ ON m
S
=
3
1'e L
§
5§
1 <
N P e
~ . 4
//// :
Lo
<
M S
—
=
L't &
<t
M
6¢
L'y
flle'L[\L‘«l.._.ln I U S S L. RS TSV [N SR B 1 i i « It L L 1 _ 1 i L i ¢ : L ( w N L ) 1 | L 4 N ,f||+| m.ﬂ
06 08 0L 09 0s 14 o€ 0C ] 0
WYHDON H3d SHNOH-L1YM

39NVIWHO4H3d IOHVHISIA §/0 L 3TOAD
g8# 1130 I1dWVS 2-(X)NZ00J-(X)I ANOS

1994 NASA Aerospace Battery Workshop



e [

R Bt s 1N S - ! !

SHNOH-3HAdWY
L0 90 S0 vo £0 (Al Lo 0

S62

Si'e

Advanced Technologies Session

SEE

A

SNIS130 SIIYHIA €2 LY 1130 HId S10A 0°€ OL SIHIMWY 20 LV | IDHVYHISIO
69 ANV ‘29 ‘29 ST132 /2092 11/ 2(xXI7 ANOS

SS°E =

S
-547-

SL't

S6'¢

1184

1994 NASA Aerospace Battery Workshop



AMPERES

Lo

90-

S3ALNNIN

00! 08 09 oy 0¢C 0

T T T

|
i

T T

Ty T T T T

| | {
LS50 S et A A S A D A S R R

1
i

T 17

T

T T T

OILYY HNOH-3HIJNY 3DHVHISIA 01 IOHYHD 100°) 0L 1130 HAd SLTOA L'y OL HSNHNI 8v'2/0 Ad Q3IM01104 STLNNIK 0 NI §OQ %0V

SNIS130 SI3YHIA €7 1V 69 ANY ‘29 ‘29 ST139 2002 11/ 2{X)I'T ANOS HLIM LdWILLY 3WiD3IY 037140 9¢ 370A0

Advanced Technologies Session

S110A

-548-

1994 NASA Aerospace Battery Workshop



AMPERES

SILNNIN
001 06 08 0l 09 0§ (14 ot 0¢ 01 0
ﬁn e Lo - - - - - - e T
3
o :
RN V
- ‘ N !
N J
§0- -+ | N L
: AN Lm
! N )
/ :
/ |
L \\ /// Z
/ \ |
T \\ A -
|
LHAEMAD o R \ L,
v

7 o
> V]
7 -
\1\\ - :
L - 1
\\. i
§0 4 L €

—. - o _ e —— _

001 370A0 - SNIST130 S33HDIA €2 LV 69 ANV ‘29 '29 ST139 2000 11/ (X1 ANOS

be

9¢

8¢

A 4

S110A

Advanced Technologies Session

-549-

1994 NASA Aerospace Battery Workshop



660

0 -+

0L

€0'1 -

vo'L

S3T0A0
0052 0002 0051 0001 005 0
— - i I S A ! - LA * T T T W T T
1p30n 1 = AOMAAAY)

OILYY HNOH-38IdWY
FOMVHIS 1A 0L IDIYHD'

i

4
.
\

A
1%

o
525 i 2 Az@

aze

0 = 3OVHIAY)

SYNOH -IHILHY

..<,

NUG,\IUM~0

SNIST3) $33HHIA €2 1V JWIDIH 037 ILYHIATIOOV NV ONIHNG SHNOH-3HIJNY ADHVHISIQ 'SA S310AD

69 NV ‘29 ‘29-21082 HIAWNAN I1dNWVS 71332000 N 1 9(x)17 ANOS

[4A)

Advanced Technologies Session

920

«
o

3

(=]
SHNOH-IH3dNY
-550-

8¢°0

o

1994 NASA Aerospace Battery Workshop



§
=3
$310A9 3
oooe 00s¢ 0002 00s1 0004 00s 0 .m
| | 1 | i -mrb
T T T T T T T T T T T T T T ) T T T T i T T T T i T T T T A [~
&~
g -~
8
! 3
-+ §°¢
4
; <
w ]
- -
vy
J w
NN . 1
/\>).UU\\//\/(\\\//WN\\1\,/§;,( PN ]
—+ §¢
|
:
!
1
m 1%

JWID3H 031 431VHITIOIV NV ONIHNA SFOVLTOA 17130 3DHVYHISIA 40 AN3 "SA S3710AD
SNIST30 S33493A €2 1V 69 ANV ‘29 29-21082 HIAWNN JTdINVS 1130 2000 17/ 2(X)IT ANOS

1994 NASA Aerospace Battery Workshop



to'l

80°1

ekl

91’

S310AD
000¢ 00s¢ 0002 00s1 0001 00S 0
— e b e + e Vi
L _ ]
+ 51
ue A
- OILYY HNOH-LLYM A
- JONYHISIA OL IDUVHD -
Y
4 L TA
4 £l
se'l

SNIS130 S33HH3IA €2 LV IWID3H 031 GI1VHITIOIV NV ONIHNG SHNOH-LLYM 3DVHIAV "SA S310A0
69 ONV ‘29 ‘29-21082 HIAWAN I1dWVS T132 2000 11/ 0(X)1 ANOS

SHNOH-LLVYM

Advanced Technologies Session

-552-

1994 NASA Aerospace Battery Workshop



$3710AD
000€ 00S¢e 000Z 00S | 0001 00s

T

it 't I

T T 1 _ T T , 1 T _ : T T T w__ ' T T T T

69'29'29 81130 SL710A QO3

P i

69°£9'29 §1130 SL1OA D03 ™ TR L - — E - I .

S3T0AD SA SLTOA 3DHVYHISIA 40 ANI/ADHVYHI 40 ANI NOKIT ANOS

2¢e

ve

9¢€

g€

cv

vy

FOVITIOA

Advanced Technologies Session

-553-

1994 NASA Aerospace Battery Workshop



AMPERES

10

¢0

€0

SALNNIW
ocl 00! 08 . 09 ov 02 0
J(||4|\J||_\I\\1»\1Tl4!|4 e e et r T 4 T . . , } . . . .
M: ............................ 17
b — 1T
1 _ j
I I
A
/ IS
1 AN A b A 1
L RN .//\\fy&/ \\/ / \/ , I Il
1 o G R N L
SN ‘./.\1.\.,/@/ >/< A/~ A N _ } T
% v .<¢<._ﬁ, 7/\\_/ _f A\_._._
| . _ ' ' 7
i , :\\ //\./7» : v;, \/\yz Wl
1+ Vo i /\ , o l«: ¥
V1 N \. _. _ /.,_. _\\ \ |
VORI |
‘ vl /, AR _ !
< (2\ &/\/‘/.“. i
| :Z b 1
| \ |
,_ ]
L

OILYH HNOH-IHIJWY 39HVHISIO OL 3DHVHI 100’1 OL 17139 43d SLT0A L'y OL HSNUNI 9¥'2/D A8 G3MOT1I04 SILANIW 0€ NI @00 %0P
SMIS130 $33HDIAA £2 LV 69 ONY 1979 $1132 2000 1T/ 2(N)17 ANOS HLIM LdW3ILLY JNMH3H 03140 9€ 3TIAD

0¢C

¥4

[44

[ ¢/
o~

un -
o~ (3]
SNIS130 $338V3d

9c

L2

8¢

Advanced Technologies Session

-554-

1994 NASA Aerospace Battery Workshop



S370AD
0ose 0002 . oost 000l 00§ 0

T T T ‘e .1‘«* e S YTt e }
]

) ] !
I 1
;f i
L

—
=
==
== T

! ADMVHIS 1
1 ;oem

SNIST30 S33HD3Q €2 1V IWIDIH 031 4ILVHITIOOV NV ONIENG ISYD NO GIHNSYIN SIHNLYHIdNIL 1130 3DVHIAY
69 ANV ‘29 '29-71082 YIAWNN 31dWVS 17130 200D 17/ (X1 ANOS

02

(44

ve

92

8¢

ot

ce

ve

SNIS13J $334H3A

Advanced Technologies Session

-555-

1994 NASA Aerospace Battery Workshop



80

(A

06

S3LNNIN
0L 09 0S ov 0t 02

5“\

* T T i 11111|T:14 1JL\4,\:J!\TJ‘1\4¢J -1 _y.lﬂl oI “ T T T # T

vy

Y VY-V

cAA

OIIVY¥ 0/D 100" 1 OL DdAl ¥ OL
¥GLE 0 J¥ 3DHVHD IJLANIK 09 ~Xdd¥

¥P9 0 1Y IOMVI{OSIQ ALANIW OF

L

((e:1an3NIW) - ((e:1)IWaX VW) X 0001 = IONIDHIAID 113D
$NIS13D S33HHIA £2 LY 69 GNV ‘29 ‘29-2108Z HIWNN I1dWVYS 1130200011/ 20X ANOS

Advanced Technologies Session

©
SLTOA-NTTIN

-556-

4]

gi

1994 NASA Aerospace Battery Workshop



— dNOAUD SINALSAS dOVIOLS ADULANH

‘sanbluyoa} uoneotiqe; poob sajessuowap
Yolym jualsisuod si aguewopad |99 (g

"S||@9 uoljetauab puoosas
9yl yum Jabuae| s1 awnjon sad Aysuap ABisug (¢

"9]9A2 0] sanunuo9d

pue ‘aoa %0+ 1e saj9A2 goGz pajelisuowap
Apeaije sey Qunsay .03, paelsjadoy (¢ -

"1S41) 9} po992Xxad 0} sieadde ||92 uonetauab
PU023s 3y} jo aouewopad a1 91949 (2

| ‘Ayoeded yyw 098
PalaAlap |90 uoljesauab puoosas ‘Alioeded
Uyw 08/ paplalf ||8) uonelauay isaid (1

Atewiwing

QIGRAL PAGE (S
@ POGR QUALITY
Advanced Technologies Session

-557-

1994 NASA Aerospace Battery Workshop

Adrr=







Round Table Discussion of Advanced Technology for Space Applications
Gerald Halpert, Jet Propulsion Laboratory

NASA BATTERY WORKSHOP
MARSHALL SPACE FLIGHT CENTER
HUNTSVILLE, ALABAMA
November 1994

OPEN DISCUSSION
On the Subject of

WHAT WILL IT TAKE TO GET ADVANCED BATTERY TECHNOLOGY INTO SPACE
APPLICATIONS?

Chairman: Gerald Halpert
Jet Propulsion Laboratory
Notes by Michelle Manzo, NASA LeRC

OPENING REMARKS - G. Halpert

New battery technologies have been improving over the last several years. It took almost 20
years for NASA to use a Ni-H2 battery. Even then it was used on Hubble Space Telescope as a
replacement for a Ni-Cd battery in which life limiting concerns had been raised. What do we have
to do to use Ni-MH or Li-ion batteries in space? How do we qualify cells and batteries for space
missions?

If you ask the spacecraft Manager or project manager, he or she will ask where has it been used
previously and what is the experience with the device? Even though there may be significant test
data, and the mass and volume is lower or the mission capability can be increased, the project
manager will generally opt for a previously used battery system. The philosophy is "Not on my
spacecraft.”

The subject is open for discussion to all attendees. I hope you will participate. The first speaker is
Dave Pickett from Hughes.

ATTENDEE PARTICIPATION

Pickett - It took 8 years to fly modern Ni-Cd and 11 years to for Ni-H2. A compelling reason is
needed for implementation of new technology, whether it be economics, or other. It takes time,
and someone willing to take the risk. Usually, commercial needs lead the way.

The new technologies are Ni-MH, Li-ion, and CPV Ni-H2. Larger IPV are being considered as
well as CPV. Predictions for spaceflight of Ni-MH , 5 years, and Li Ion 8-10 years. This is the
time it takes from cell test to battery integration.

E. Darcy - Safety issues with Li make Ni-MH more of a near term option.
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J. Firmin - Safety tests have been conducted. Requirements need to be defined and tech must
meet the requirements.

G. Methlie - Agreement with safety issue. Ni-MH intermediate term is needed. Difficult to
accelerate verification.

M. Klein - Ni-MH is the battery of choice for next 10-15 years. Aerospace should leverage off
commercial.

C. Lurie - High cost for qualification of Ni-Cd to Ni-MH. Not clear that it offers significant
advantages at battery level. Li-Ion will probably ultimately replace Ni-MH. Probably cannot
justify costs.

G. Dudley - Wh efficiency less for Ni-MH than Ni-Cd.

C. Lurie - Ni-MH advantage is improved round trip efficiency, thus, smaller array.

W Tracinski - Possible use for all technologies to optimize for all applications.

G. Methlie - Project forward by looking backward. If end up with one system, you better be
right. Also need multiple vendors.

D. Maurer - Need all technologies. Li-Ion a long way off. Need several technologies going at
once. The mechanism for demo in space will be in small s/c.

A. Dunnett - Cheaper and faster, not better. No new battery systems seen without compelling
reason. Ni-MH will not be qualified with Ni-Cd and Ni-MH available. Li-Ion is the next step.

G. Halpert - What is the necessary incentive to go Li-Ion? Does your company support R&D on
Li-Ion?

A. Dunnett - Lower battery weight, more propellant, increase in payload. My organization does
not support Li-Ion or other R & D.

E. Darcy - The time line is long without terrestrial applications. Ni-MH make sense in todays
environment.

C Lurie - Small satellites are new visions for aerospace. They become the platform for new
technology.

M _Anderman - Ni-MH advantages depend on DOD capability and life as a function of DOD.
V. Kennedy -Responding to a question on Na-S, acceptance and abuse tests are being worked.

Johnson -Go on to far term technologies. Let other Intermediates develop in commercial
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technology. Sponsor research in space for space applications.
G. Methlie - Commercial base does not guarantee success in space.

J.Firmin - Same battery as EV commercial? Need to begin improvement at early stages to
influence development.

P. ODonnell - Need dual-use drivers. Can't take terrestrial alone. Need to work on parallel
paths.

J. Firman - Limit documentation for qualification of new technologies for space. Documentation
is costly.

C. Lurie - Dual answer. Small satellites, Yes, DOD/NASA, no.

C. Lurie - On the capacity fade issue - It still exists but we have an understanding. TRW prefers
to deal with Ni precharge issues.

G. Halpert - Managers want low cost but also want guarantees that product will work. Thus,
costs will remain high. However, we are careful. Not always battery failures, e.g., Magellan -

failure was arrays not battery.

S. House - Phillips Lab will not support development of Ni-Mh. Lithium-ion possible substitution
to Na-S and Ni-H2. 7 year test is required.

M. Toft - To get new technology into orbit, which product has been shown to be best understood.
Elimination of documentation and visibility is the wrong way to go. Vendor data is valuable. It

holds clues to success. If you show understanding, customers will be willing to pay.

C. Bennett - There is a large database for Ni-H2. Varied parameters, no consistent production.
Need to use a model.

G. Halpert - Why do we have all these variations in product? (No response)

J. Armantrout - Historically we have used database for decisions. Develop a standard for a SKw
satellite. Need more standardized designs.

J. Wheeler - The process is: The manufacturer recommends to the customer, then customer has
strong preferences including plate and cell designs. The manufacturer is at the customer's mercy.
There are multiple paths to success. Let the customer make the selection.

C. Garner - Cooperative efforts work well.

G. Methlie - Commercial look at products.
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S. Surampudi - Technology is driven by customer. Customer was leader. Leader disappeared
replaced by managers. They want the best products without supporting costs.

G. Halpert - Are there any planned Ni-Mh flights?

B. Bragg - Shuttle orbiter GFE. Ni-MH flown in IBM think pad. To be flown in helmet light.
NASA/ISC approves specific designs and specific applications - no blanket chemistry approval.
OSHA and EPA have environmental concerns. Japanese Ni-MH flight in 1998 will follow

European's and Amercians.

A. Dunnett - The delta performance improvement does not warrant development of Ni-Mh over
Ni-Cd.

G. Halpert - Are there any planned Li-Ion flights?

S. Surampudi - JPL use in 1997. Small spacecraft 5-10 Ah cells. 45 new technologies evaluated
for new spacecraft. Li-Ion was selected. Looking at Li-Ion instead of Ni-MH because no
apparent payoff over Ni-H2. The fallback is Ni-Cd compelling reason is size.

Session adjourned

Many thanks to Michelle Manzo for taking these notes
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Nickel-Hydrogen / Nickel-Cadmium
Data Session
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